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InstitutoOceanográficodaUniversidadedeSãoPaulo
(CaixaPostal66149,05315-970SãoPaulo,SP,Brasil)
. Abstract:Basedon sampling()v~rtheperiod1976-1993in thesoutheastBrazilian
Bight,thedistributionof spawningof theBraziliansardine(Sardinellabrasiliensis)is
describedin relationtoenvironmentalconditions.The areaof intensespawningoccurs
in thesouthempartof thebightwherecoastalupwellingwaslessftequent.Spawning
intensityshowedhigh interannllalvariationandtheeggabundancein thesurveyarea
rangedITom99 billion eggsin tlle January1988cruiseto 4669 billion eggsin the
January1981cruise.Peakspawningtakesplaceonehouraftermidnightandeggshatch
outwithin 19hourswith a watertemperatureof24°e.
. Resumo:Baseadonos dadoscoletadosdurantenove cruzeirosoceanográficos
realizadosnaregiãosudeste,asÚreasdedesovadasardinha-verdadeira(Sardinella
brasiliensis)foramapresentadasediscutidasemrelaçãoàscondiçõesoceanográficas.
As áreasdedesovaintensivaforamlocalizadasnapartesuldaáreadeinvestigação,
ondearessurgênciaosteirafoinH:nosITeqüente.A intensidadedesovademonstrou
umavariaçãoanualrelativamentegrande.A produçãototaldeovosda sardinha-
verdadeiravarioude99bilhõesdeovosduranteo cruzeirodejaneirode 1988para
4669bilhõesdeovosemjaneirode 1981.O picodedesovaocorrenacamadade
misturadesuperficieumahoraapósameianoiteeosovosec10demem19horascoma
temperaturadeágua24°e.
. Descriptors:Braziliansardine,Spawningarea,SoutheastBrazilianBight.
. Descritores:Sardinha-verdadeira,Áreadedesova,Regiãosudeste.
Introduction
The Braziliansardine(SardinellabrasiliclIsis)
tisherywasstartedinthelate1950sandtotalandings
increaseduringthe 1960s,attainingthemaximum
catchof228thousandtonsin 1973.Overthencxt15
ycars,thetotallandingstayedattheleveiof 90-140
thousandtons. Recentlylandingsdec1inedto 3I
thousandtonsin 1990,but'recoveredto 85thollsand
tonsin 1994.
The sardinefisherytakesplacein the coastal
regionof thesoutheastBrazilianBightbetweenos
and29°S,by smallpurseseiners. The Brazilian
sardineisanisolatedstockwithinthebight.It spawns
('011/1'.110.8/3 do /I1S/.oceal1ogrda Usp.
in thecoastalareaduringthelate-australspringand
summer,butpeakspawningoccursduringDecember
andJanuary.Firstmaturityisattainedat160mmTL,
at about one year old (Saccardo& Rossi-
Wongtschowski,1991).
Sardinespawninginvestigationswerestartedin
1969andmanysurveycruiseshavebecnundertaken
sincethen(Matsuura,1971;1979). In thispaper1
describetheresultsof ninesurveycruiscscarriedout
duringtheperiod1976-1993.
Material and methods
Theichthyoplanktonsampleswerecollectedwith.
60emBongonetsduringninesurveycrllisesin the
areabetweenCapeFrio(23°S)andCapeSantaMarta
Grande(29°S)(Fig. I). The stationintervalof the
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surveycruisewas20n.m.withtheexceptionof two
cruises(Jan./1980andJan./1981),whena 30 n.m.
intervalwasused.Numbersofsardineggsatnon-zero
stations(Fig.2)arerepresentedbythesizeoftheblack
dots. To estimatethe spawningarea the area
representedbya polygonaroundthestation(Sette&
Ahlstrom,1948)wasused.
Theplanktonsamplestakenwiththecoarsemesh
net(0.505mm)werepreservedin a 10%formalin
solution. Temperatureandsalinityweremeasured
usingareversingthermometerwithNansenbottleorby
CTO cast.
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Fig.I. Standardsamplingstatiol1sduringninesurveycruisesinthesoutheastBrazilianBight.
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Identificationof thesardineeggswasbasedonthe
literature(Matsuura,1971)andtheembryonicstagesof
eggsweredeterminedonthebasisof Lo etal's criteria
(1996).Totalnumbersof eggstakenweretransformed
intonumberpersquaremeterof seasurfaceusingthe
followingexpression(Tanaka,1973):
where:Yi =numberofstandardizedeggsperI m2of
seasurfaceatstationi; Xi=numberof eggstakenat
stationi; Vi = volumeof waterfiltered(m3);di =
maximumdepthofhaul(m).
The sardineeggsaredistributedin the upper
mixedlayer(MatsuuraetaI.,1992),inwhichthewater
temperatureisrelativelyhomogeneousduringthemain
spawningseason,rangingITom22 to 26°Cwith.an
averageof 24.6°C.Averageageof theembryonic
stageITomspawningwasca\culatedusingtheequation
givenbyLoetal.(1996):
Yi,1 = 82.832e -0.21031-0.1139i+O.005Iii 1,4024 (2)
Statisticalestimatesof standardizedabundal1ceof
eggs were made using the deIta-distribution
(Pennington,1983;1996). Aitchison(1955)~ave
methodsfor estimatingthemeanandvarianceQt'a
randomvariablethathasa non-zeroprobabilityof
beingequaltozeroandwhoseconditionaldistributiol1
01'non-zerovaluesis 10gnormalIydistributed.Thh;ís
ollr caseas theaveragepercentageof zerostatioo:>
duringninecruiseswas73.3%inthesurveyareaand
the non-zerovalues of positivestationswere
lognormallydistributed.
Results
Overalldistributionof Sardineeggsin different
years
The distribution01'sardineeggsin thepcriod
1976-1980is shownin Figure2 (a,b,c,d).Ingeneral,
thereis asimilaritybetweenthedistributionpatterns
of theeggsandthehorizontaldistribution01'water
temperaturein differentyears.WecanidentifYthree
spawningareas:State01'Rio de Janeirocoast,off
Santos-Iguape,andbetweenParanaguáandItajaí.The
highesteggabundancewas foundin the sOllthem
spawningareawhichextendedITomthecoastto the
(I)
100m isobathlinein mostcases.AlongtheRio de
Janeiro coast,sardineeggswerefoundat coastal
stations.ThedistributionpattemintheJanuary1981
cruise was similarto thoseof thep.reviousfour
cruises,butthehighestdensityof eggs(13,608eggs
m-2)wasfoundat a stationsouthof Santos(Fig.
2e).
Thedistributionpattemandeggdensityof the
January1988cruisedifferedfromthoseof ali other
cruises. Only nineof 78 samplingstationswere
positivefor sardineeggs and the avcrageegg
densítywas the lowest (1.1 eggsm-2)(Table1).
No coastalupwellingwas observedat CapeFrio
region, but was foundaroundtheFlorianópolis
Island. The spawningareawasof only9,290km2
and ali positivestationswere dose to thecoast
(Fig.2t).
The last threecruisesshow a similaregg
distributionpattemwith three spawningareas:
Ubatuba~Santos,Iguape-Paranaguá,and São
FrancÍ!~cod Sul-FlorianópolisI land(Fig. 2 g,h,i).
The January 1993 cruise showeda higheregg
densitythan the othertwocruisesandalsohada
largerspawningarea (34,430km2).AlongtheRio
de Janeiro coast only minor percentagesof
sardine eggs werefoundnearshoreon thethree
cruises.
Average temperatureat 10m depthfor alI
positivestâtionswas24.3°Candthetemperatureof
mostof the stationsfellwithin21.3-27.3°C(Fig.3).
At some!ltationsthethermoclinewasshallow,thus
thetcmperatureat 10m depthshowedlow values
whicharerelatedto thepresenceof SouthAtlantic
CentralWateratthesurface.Averagesalinitywas
35.2psu,rangingfrom33.2to37.1psu.
PeakspawningtimeandembryonicdevelopmentaI
stages
Time of spawningcanbe deducedfrom the
pre:>enceof earlystage ggsin planktonsamples.A
comparisonbetweensampling'..time and the
developmentalstagesof eggsis shownin Figure4.
MoststageII eggswerefoundaround23:00-07:00
hourswith an averagetimeof 02:42. Fromthe
equationof Lo etaI. (1996),theexpectedageof the
stageII egg is about1.42hoursafterspawningat
24°Ç. Therefore,the peak spawningshouldtake
placeat around 01:18. Theaveragetimetohatch-
out at water temperature24°C will beabout18
hours40minutes.Thismeansthatheeggsspawnedat
onehouraftermidnightwilI hatchoutatabout20:00
hours.
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Fig.2.Spawningareasof theBraziliansardine.Numbcrof sardineggspersquaremeterof seasurfaceispresentedbyblackdot.
Horizontaldistributionof watertemperatureat10mdepthisshownbyisolinewithnumberinOcoa)Deccmber1976,b)
January1977,c)January1978.
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Fig.2(cont.).SpawningareasoftheBraziliansardine.d)January1980,e)January1981,t) January1988.
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Fig.2(cont.).SpawningareasoftheBraziliansardine.g)JanU!lry1991,h)Oecember1991,i) January1993.
JANUARY 1993
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TableI. EstimateofsardineggnumbersduringninesurveycruisesinthesoutheastBrazilianBight.
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Fig.3.Temperatureandsalinityat 10mdepthof positivestationsof theBraziliansardineeggsiTom
ninesurveycruises.
Cruise No. Stations Numberof Percentagcof Meaneggno. Variance Spawningarea Totalno. SI.errorof
Positive Positivc (persquarem) (insquarekm) ofegg meano.
station stations(%) (inbillion) ofeggs
December1976 82 17 20.73 33.30 610.47 232\3 3039.50 24.71
January\977 69 18 26.09 7.63 \7.23 25640 696.30 4.15
January\978 82 17 20.73 27.24 27.24 20730 2486.20 5.22
January1980 42 \1 26.19 8.67 43.08 25190 791.20 6.56
January\98\ 42 \7 40.48 51.16 \300.99 42570 4669.80 36.07
January1988 78 9 11.54 1.09 0.45 9290 99.00 0.67
January\991 88 13 \4.77 2.99 4.11 \9730 273.10 2.03
December199\ 110 \9 17.27 1.27 0.3\ 21250 \15.70 0.56
January1993 110 29 26.36 15.01 85.25 34430 1369.60 9.23
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Fig.4.Embl)'onicdevelopmentalstageinrelationtosamplingtime.Thegraphshowsthemeansamplingtime,:f:
standarderrorsandminimum/maximumvalues.
Total abundanceof sardine eggs spawnedin
differentyears
Withinthe southeastBrazilianBight,sardine
spawningnormallytakesplaceintheareabetweenthe
coastandthe100misobath,withtheexceptionof the
Rio deJaneirocoastwheresomesardine ggswere
takenat stationseawardof the 100m line. The
standardsurveyareapresentedin FigureI hasa total
areaof 91,278km2. Thetotalnumberof sampling
stationsin thisareavariedfrom42 to 110andthe
proportionof positivestationsrangedfrom11.5%to
40.4%(TableI). Theaveragedensityofsardinceggs
rangedfrom 1.08eggsm-2from 9,290kl112of
spawningareainJanual)'1988to51.16eggsm-2from
42,570km2inJanual)'1981(Fig.5).Totalnumbersof
sardineeggsin differentspawningseasonsranged
from99billioneggsinJanuary1988to4 669billion
eggsinJanual)'1981.lt isclearthatsardinespawning
was low duringthreespawningseasons,namely
Janual)'1988,Janual)'1991andDecember1991.The
numberofsardineggspawnedandthespawningarea
of thelastsurveycruisein Janual)'1993showeda
rccovel)'of spawningactivitywith a total egg
abundanceof 1369billions.
Discussion
During thefirstfivecruises,coastalupwelling
was observedalongthecoastof RiodeJaneiroand
thecoldsurfacelayerextendedfromCapeFrio to
GrandeIsland,exceptfor theJanual)'1981cruise,
when upwellingwaslimitedtoCapeFrio(Fig.2e).
Most spawning took placein thesouthemarea
wherethecoastalupwellingwaslessfrequent.During
the last threecruises(1991-1993)the coastal
upwellingwas observedintwoareas:offCapeFrio-
GrandeIslandand off FlorianópolisIsland-Cape
SantaMartaGrande.Duringtheaustralsummerthe
SouthAtlanticCentralWater(SACW)intrudesinto
thecoastalregion alongthebotlomlayeroverthe
continentalshelf. Thepresenceof theSACW in the
botlomlayerof the coastalregionseemsto be
importantfor thecreationof thesardinespawning
habitat,as it impliesaninputof thenutrientrich
watermassin the euphoticzone.Anoceanicfront
is formed at theseabotlombetweenthewarm
CoastalWaterandthecoolSACWandrunsfromItajaí
to Ubatuba longthe50 m isobathline(Matsuura,
1996).
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Fig.5.Estimatesofmeandensityof thesardineggsduringninesurveycruises.Barshowsmeaneggdcnsityateach
cruisewithstandarderrorsofmeanshowninT-line.
Thespawningareashowedsomeannualvariation
in itslocation,butthemainsouthemspawninground
was consistentlyfound betweenParanaguáand
FlorianópolisI landonninecruises.Duringthelast
twocruises(December1991andJanuary1993)a large
spawningroundwasformedaroundtheSãoSebastião
Island,butthisareawasnotusedforspawningduring
theothersevencruises.
The sardinepopulationin thebightwasstable
overtheperiod1974-1987,maintainingtotalannual
landingsof 90-140thousandtons. Due to an
oceanographicanomalyin the 1986/1987spawning
season,arecruitmentfailureoccurredinthe1987year
cIass,resultingin.a drasticdeclineof thespawning
stockbiomassin subsequentyears(Castelloel ai.,
1991;Matsuurael ai., 1992;Cergole,1995).This
populationdeclinewasconfirmedin thepresentstudy
byveryloweggdensityontheJanuary1988cruiseand
the poor spawningcontinueduntil the 1991/1992
spawmngseasons.
The time of sardinespawninghas been
determinedbythepresenceofearlystageggstakenat
acertaintimeofdayintheseaandnormallyoccurring
duringthenight(Ahlstrom,1943;.~hing, 1960;
Simpson& Gonzalez,1967;Simpson,1971;Matsuura,
1983;Alheitetai., 1987).Noctumalspawningof the
cIupeoidsi acommonbehaviorpattemandappearsto
berelatedto a survivalstrategyof pelagicfishesto
protectherecently-spawnedeggsfromcarnivorous
predatorsin thesurfacelayer.OnlytheSW Atlantic
anchovy(Engraulisanchoita)onthesoutheastcoastof
Brazil spawnsthroughoutali the day in the less
illuminatedbottomlayer(Asanoel ai., 1991).Onthe
otherhandthespawningofdemersalfishtakesplacein
generalatsunset(Colinetai., 1987;Colin,1992for
groupers;Blaxter& Holliday,1963forherring;Carter
& Perrine,1994;Cuellarel aI., 1996I(x snappers;
Lobel,1978forangelfish).
The durationof eachdevelopmelltalstageat
different temperatureshas been measured
experimentallyforsardine(Sardinopspp.)eggs.At
lowertemperaturethe developmentof crnbryosat
stagesVII, VllJ, andIX is delayedrelativeto other
stages(Ito, 1958; Le Clus & Malan, 1995).
Consequentlythedevelopmentalcurvebetweenegg
stageandembryonicageat lowertel11peratureis
sigmoidal,butathighertemperaturestherdationshipis
nearlylinear.Theembryonicdevelopmentalcurvefor
Sardinellabrasiliensisis almostlinear in these
observations,withr =0.95. Goodness01'tittestsfor
regression(temperature-correctedag 01'cachstage
versus mean samplingtime) showcdthat the
curvilinearityof regressionwasrejectedwithp =0.05
(F =4.196withd.f. I and8).
UsingLoelai. 'sequation(1996),theembryonic
mortalityratewasestimatedbasedon thesamples
takenonfoursurveycruises(FromJan.88toJan.93).
The mortalityrateobtainedfromthiscalculationwas-
0.61withr =0.16.An attemptwasmadetoestimate
theembryonicmortalityratefor theother5 cruises
(From Dec.76to Jan.8I), usingthe temperature-
correctedageof embryosbasedonNakai.sequation
(1962).Thecoefficientofthelinearegressionbetween
meanageofeachdevelopmentalstageversusLn(mean
samplingtime)is-0.043withr =0.028.Theseresults
indicatethatwhentheBongonetswereused,thelarge
samplingvariabilitymakesthe mortalityestimate
meaningless.Theembryonicmortalityratesforsardine
andanchovywerenormallyestimatedonthebasisof
theplanktonsamplescollectedwiththeCalVET net,
whichshowslesssamplingvariability. The daily
mortalityrateof the northemanchovy(Engraulis
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mordax)eggsbasedontheCalVET samplesranged
fi'om0.14to0.45(Picquelle& Hewitt,1983;1984).
Asanoet ai. (1991)obtainedthe dailyembryonic
mortalityrateof 0.32for Engraulisanchoitain the
sameareafortheBraziliansardineandLoetai.(1996)
obtained0.12 for Sardinopssagax in southem
Califomia.
Totaleggproductionestimatedfor ninecruises
showed relatively high inter-annualvariation.
Comparisonof thespawningstockbiomassestimated
byVPA (Cergole,1995)anddailyeggproductiontTom
eightcruiseshowsthatthereis a positivecorrelation
amongthemwithacoefficientofcorrelation,r =0.81.
Therefore,we may concludethat the spawning
intensitymeasuredbyeggabundanceis representative
of spawningstockdensity,exceptionmadeof the
January1981cruise.
Acknowledgements
TheauthorwishestothankDr.AlecD. MacCalI
of the SouthwestFisheriesScienceCenterfor the
revisionandcriticalreadingof themanuscript.I also
thankthecaptainW.C.Freitasandcrewof theR/V
"Prof.W Besnard"fortheircooperationduringsurvey
cruises. The presentinvestigationreceivedthe
tinancialsupportof theCIRM, FAPESP andCNPq.
TheauthorreceivedaresearchfellowshipoftheCNPq
(processno.301675/82)duringinvestigation.Thisisa
productof the SCOR Workingaroup 98. Two
anonymousreviewersare thankedfor their useful
commentsandsuggestions.
I~eference
Ahlstrom,E. H. 1943.StudiesonthePacificpikhard
or sardine(Sardinopscaerulea).4. Influenceof
temperatureontherateofdevelopmentof pilchard
eggsinnature.Spec.scient.Rep.,U.S.FishWildI.
Serv.,23:1-26.
Aitchison,l 1955.On thedistributionof a positive
randomvariablehavingadisereteprobabilitymass
attheoriginol Am.statist.Ass.,50:901-908.
Alheit,J.; Wahl,E.& Cihangir,B. 1987.Distribution,
abundanee,developmentrates,produetionand
mortalityofsprateggs.ICES. Coune.Meet.7p.
Asano,K.; Matsuura,Y. & Katsuragawa,M. 1991.
Dailyeggproductionof the Braziliananehovy,
Engraulisanchoita.BulI. Fae.Bioresour.,Mie
Univ.,6:47-55.
Blaxter,J. H. S. & Hollyday,F. a. T. 1963.The
behaviourandphysiologyof herringandother
clupeoids.Adv.mar.BioI.,1:261-393.
Carter,l & Perrine,D. 1994.A spawningaggregation
of dogsnapper,Lutjanusjocu (Pisees:LUDanidae)
in Belize, CentralAmerica.BulI. mar. Sei.,
55(1):228~234.
CastelIo,J. P.;Habiaga,R.P.;Amaral,l C.& LimaJr,
I. D. 1991.Prospeeçãohidroaeústieavaliaçãoda
biomassadesardinhaeanehoita,naregiãosudeste
do Brasil(outubro/novembrode 1988). Publção
esp.Inst.oeeanogr.,SPaulo,(8):15-29.
Cergole,M. C. 1995.Stoekassessmentof heBrazilian
sardine,Sardinellabrasiliensis,ofthesoutheastem
coastofBraziI. SeientiaMarina,59(3-4):597-610.
Colin, P. L.; Shapiro,D. Y. & Weiler,D. 1987.
Aspeetsof the reproduetionof two groupers,
EpinephelusguttatusandE. striatusin theWest
Indies.BulI.mar.Sei.,40(2):220-230.
Colin,P.L. 1992.ReproduetionftheNassaugrouper,
Epinephelusstriatus,(Pisces:Serranidae)andits
rehitionshipto environmentaleonditions.Envir.
BioI.Fish.,34(4):357-377.
Cuellar,N.; Sedberry,a. R. & Wyanski,D. M. 1996.
Reproduetiveseasonality,maturation,feeundity,
andspawningfi'equencyof thevermilionsnapper,
Rhomboplitesaurorubens,off the southeastem
UnitedStates.Fish.BulI.,94(4):635-653.
Cushing,D. H. 1960.Fishinggearandfishbehaviour.
In:RosaJr., H. & Murphy,a. edsProeeedingsof
theworldseientificmeetingon the Biologyof
sardinesandrelatedspeeies.Roma,FAO. 3:1307-
1326.
Ito,S. 1958.Ontherelationbetweenwatertemperature
and incubation time of sardine (Sardinops
melanosticta).Ann.Rep.JapanSeareg.Fish.Lab.,
4:25-31.
Le Clus, F. & Malan, P. E. 1995.Modelsof
temperature-dependentrate of developmentof
pilchardSardinopssagaxeggs,to be usedin
routineproeeduresfor estimatingdaily egg
production.S. Afi'.l mar.Sei.,16:1-8.
Lo,N. C.H.;Ruiz,Y. A. a.; Cervantes,M. l; Moser,
H. a. & Lynn,R. J. 1996.Eggproductionand
spawningbiomassof Paeifiesardine(Sardinops
sagax)in 1994,determinedby the daily egg
produetionmethod.CaICOFIRept.,37:160-174.
MATSUURA: Braziliansardinespawningin 1976-1993 43
Lobel,P. S. 1978.Diel,lunar,andseasonalperiodicity
in thereproductivebehaviorof thePomacanthid
fish,Centropygepotteri,andsomeothereeffishes
inHawaii.Pacif.Sei.,32(2):193-207.
Matsuura,Y. 1971.A studyof the life historyaf
Braziliansardine,Sardinellaurita.I. Distribution
andabundanceofsardineggsintheregionof Ilha
Grande,Rio deJaneiro. BolmInst.oceanogr.,S
Paulo,20(I):33-60.
Matsuura,Y. 1979.Distributionandabundanceofeggs
and larvaeof the Braziliansardine,Sardinella
brasi/iensis,during1974-75and1975-76seasons.
Bull.japan.Soe.Fish.Oceanogr.,34:1-12.
Matsuura,Y. 1983.Estudocomparativodas fases
iniciaisdo ciclode vidada sardinha-verdadeira,
Sardinellabrasi/iensise da sardinha-cascuda,
Harengulajaguana,(Pisces:Clupeidae)e nota
sobre a dinâmica da população da
sardinha-verdadeirana regiãosudestedo BrasiL
Tesedelivre-docência.UniversidadeSãoPaulo.
InstitutoOceanográfico.150p.
Matsuura,Y. 1996.A probablecauseof recruitment
failureof theBraziliansardineSardinellaallrita
populationduringthe1974/1975spawningseason.
S.Afi'.J. mar.Sei.,17:29-35.
Matsuura,Y.; Spach,H. L. & Katsuragawa,M. 1992.
Comparisonof spawningpattemsof theBrazilian
sardine(Sardinellabrasiliensis)and anchoita
(Engralllisanchoita)in Ubatubaregion,southem
Brazilduring1985through1988. Bolm Inst.
oceanogr.,S Paulo,40(1/2):101-115.
Nakai,Z. 1962.Studiesof intluencesofenvironmental
factorsuponfertilizationanddevelopmentof the
Japanesesardineggswithsomereferenceto the
numberof theirova. BulI.Tokaireg.Fish.Res.
Lab.,9:109-150.
Pcnnington,M. 1983. Efficient estimatorsof
abundance,for fish and p1anktonsurvcys.
Biometrics,39:281-286.
Pennington,M. 1996.Estimatingthe meanand
variancefi'omhigh1yskewedmarinedata. Fish.
BulI.,94(3):498-505.
Picquelle,S. J. & Hewitt,R. 1983.The northem
anchovyspawningbiomassfor the 1982-1983
Califomiafishingseason.Ca1COFIRept.,24:16-
28.
Picquelle,S. J. & Hewitt,R. 1984.Estimatesof the
spawningbiomassof thenorthemanchovyforthe
1983-1984Califomiafishingseason. CalCOFI
Rept.,25:16-27.
Saccardo,S.A. & . Rossi-Wongtschowski,C. L. D. B.
1991.Biologiae avaliaçãodoestoquedasardinha
Sardtnella.brasiliensis:umacompilação.Atlântica,
RioGrande,13(1):29-43.
Sette,O. E. & Ahlstrom,E. H. 1948.Estimationsof
abundanceaf the eggsof the Pacificpilchard
(Sardtnopscaerulea)offsouthernCalifomiaduring
1940and1941.J. mar.Res.,7(3):511-542.
Simpson,A. C. 1971.Diel spawningbehaviourin
populationsofplaice,dab,spratandpilchard.J du
Cons.,34;58-65.
Simpson,J. G.& Gonzalez,G. 1967.Someaspectsof
theearlylifehistoryandenvironmentof hesardine,
Sardinellaanchovia,in eastemVenezuela.Ser.
Recur.Explot.Pesq.,1(2):38-83.
Tanaka,S. 1973.Stockassessmentby meansof
ichthyoplanktonsurveys.FAO Fish.tech.Pap.,
122:33-51.
(Manuscriptreceived27October1997;revised
. 12February1998;accepted08April 1998)
